A 66-year-old woman with primary Sjogren syndrome developed syringomyelia following two episodes of subarachnoid hemorrhage (SAH) due to the rupture of basilar artery aneurysms. Gait disturbance and abnormal sensation with pain over the foot and abdomen appeared 3 years after the last SAH. Magnetic resonance (MR) imaging revealed a syringomyelia throughout the thoracic cord, from the T2 to T11 levels. In addition, the thoracic cord was compressed by multiple arachnoid cysts in the ventral side of spinal cord. Computed tomography myelography revealed complete block of cerebrospinal fluid (CSF) flow at the T7 level. Surgery for microlysis of the adhesions and restoration of the CSF flow pathway was performed. Postoperatively, leg motor function slowly improved and she could walk unaided. However, abdominal paresthesia was persisted. Postoperative MR imaging revealed diminished size of the syrinxes. We should recognize syringomyelia and arachnoid cysts due to adhesive arachnoiditis as a late complication of SAH. Microlysis of the adhesions focusing on the lesion thought to be the cause of the symptoms is one of the choices to treat massive syringomyelia and arachnoid cysts associated with arachnoiditis following SAH.
Photograph of the viscous and xanthochromic cerebrospinal fluid (CSF) obtained from the lumbar puncture. CSF protein, glucose, adenosine deaminase, and cell count were within normal limits and CSF Gram stain was negative. 
Introduction
Syringomyelia and arachnoid cysts associated with arachnoiditis are commonly caused by trauma, infection, and surgery of the spinal cord, but are rare complications of subarachnoid hemorrhage (SAH). Severe cases with extensive adhesive arachnoiditis are very difficult to treat. 6) Here, we present a severe case which was successfully treated with a simple surgical strategy.
Case Report
A 46-year-old female patient presented with SAH caused by rupture of a basilar artery and posterior inferior cerebellar artery aneurysm. The patient was treated with craniotomy and clipping of the basilar artery aneurysm. She presented with dry eyes, dry mouth, Raynaud's phenomenon, erythema annulare, and polyarthritis of the hands at age 50 years. Lacrimal and salivary hyposecretion was confirmed by physiological examination. As a result, she was diagnosed with primary Sj äogren's syndrome. The patient developed SAH caused by the rupture of the basilar tip aneurysm at age 63 years. She was treated by coil embolization followed by lumbar drainage for a few days. There were no signs of hydrocephalus.
The patient presented at our institution at age 66 years with a 4-month history of gait disturbance and numbness in the lower extremities. On admission, the manual muscle test in the lower extremities demonstrated antigravity strength proximally and 4/5th of antigravity strength distally. However, tone was increased in the bilateral lower extremities. Sensory examination demonstrated pinprick hypesthesia at T10 on the left and T6 on the right, and abnormal sensation with pain on the foot. The patient also complained of gradual worsening of bladder function, with occasional episodes of urinary incontinence. Preoperative examination included lumbar puncture, which S. Ishizaka et al. (Fig. 1) . CSF protein, glucose, adenosine deaminase, and cell count were all within normal limits, whereas Gram staining was negative. Preoperative magnetic resonance (MR) imaging revealed extensive syringomyelia from T2 to T11 (Fig. 2A) . In addition, the thoracic cord was compressed by multiple cystic lesions on the ventral side ( Fig. 2A, C) . Computed tomography (CT) myelography revealed complete blockage of CSF flow at T7 (Fig. 2B) and adhesion of the spinal cord to the dura mater laterally (Fig. 2D) . The syrinx of the lower thoracic level was filled with contrast medium on CT 24 hours after myelography (Fig. 2D) . She was diagnosed with syringomyelia and arachnoid cysts associated with adhesive arachnoiditis. We determined that the isolated subarachnoid space extended from T2 to T7, because contrast medium injected from the L4-5 level stopped at the T7 level on CT myelography and the spinal cord was intact above the T2 level on MR imaging.
Because the symptoms were progressive, laminectomy and microlysis of the adhesions from T2 to T7 were performed. We decided on the range of laminectomy to restore the completely blocked CSF flow and resolve the mass effect caused by the multiple arachnoid cysts from T5 to T7. Shunt placement was not performed because of the risk of surgical site infection and poor outcome according to previous reports. On opening the dura mater, the arachnoid membrane was found to be thick and adhered to the dura mater and spinal cord (Fig. 3A, B) . The adhesions were carefully dissected along the plane between the dura mater and arachnoid membrane under the operating microscope, and the spinal cord was released from the T2 to T7 levels. We avoided manipulating the spinal cord as far as possible, and dissected only the arachnoid membrane which could be confirmed without retraction of the spinal cord. A cyst located on the ventral side of the spinal cord at the T5-6 level was punctured, causing CSF to gush out under high pressure. The top level of adhesive arachnoiditis was at the T2 level, so we could open the isolated subarachnoid space to the intact upper subarachnoid space. CSF flowed out from the intact subarachnoid space above the T2 level when the arachnoid membrane was dissected. However, we confirmed the connection between the intact and lesioned subarachnoid spaces at the T2 level. We could not define intact subarachnoid space lower than the T7 level because of intense adhesion of the arachnoid membrane to the surrounding tissue. The dura mater was sutured with 4-0 Nurolon } (Johnson & Johnson Medical Ltd., Livingston, West Lothian, UK). Her urinary incontinence and spastic gait were improved postoperatively and MR imaging demonstrated reduction in the size of the syringes (Fig.  3C) . Three years after the surgery, the patient could walk unaided and there was no evidence of the recurrence. However, abdominal paresthesia persisted.
Discussion
Syringomyelia and arachnoid cysts are rare complications of SAH, with a few reports about this clinical condition (Table 1) . According to previous studies, ruptured aneurysm located in the posterior circulation may pose a higher risk for adhesive arachnoiditis compared with aneurysm in the anterior circulation. 1, 5, 9, 10, 13, 14) We speculate that the hematoma volume in the spinal subarachnoid space is related with the occurrence of spinal arachnoiditis. Adhesive arachnoiditis occurred in cases treated with both clipping and coiling, so the chronic inflammatory response of the pia-arachnoid mater persisting due to SAH is thought to be a cause of spinal arachnoiditis. 8, 12) In addition, according to previous studies, protracted bed rest and fibrin glue usage also cause spinal arachnoiditis. 13) Furthermore, repeated SAH, as well as occult meningitis caused by lumbar drainage, may have contributed to the manifestation of adhesive arachnoiditis in this case. Thus, collapse of the subarachnoid space due to the lumbar drainage might enhance adhesion of the arachnoid membrane. Syringomyelia has been hypothesized to be caused by blockage of the spinal subarachnoid CSF pathway. 4) The syringomyelia tends to improve after the imbalance of subarachnoid pressure around the adhesive point was corrected by the shunt placement. Based on this finding, the imbalance of the subarachnoid pressure around the adhesive point is thought to be the main cause of syringomyelia. 2, 3) The interesting point in this case was that the syrinx was filled with contrast medium after myelography, which implied that the CSF in the isolated subarachnoid space could flow into the syrinx after the subarachnoid pressure increased. This mechanism might have contributed to the formation of syringomyelia following adhesive arachnoiditis.
Patients with arachnoid cysts, which tend to occur on the ventral side, demonstrated paraparesis 5, 7, 13, 15) and patients with syringomyelia demonstrated sensory disturbance. 1, 5, 13) Our patient presented with paraparesis, paresthesia, and urinary incontinence. Multiple arachnoid cysts which compress the spinal cord from the ventral side might contribute to paraparesis as a pyramidal sign. On the other hand, syringomyelia might contribute to paresthesia and urinary incontinence. In particular, tethering of the spinal cord and nerve roots caused by adhesion between the arachnoid and dura mater also might contribute to paresthesia with pain, because our patient presented with severe pain on the foot during the injection of contrast medium. Severe pain on the foot was improved just after the injection of contrast medium. We speculate that the increase of subarachnoid pressure after injection of contrast medium caused tethering of the nerve root.
Surgical decompression tends to improve paraparesis caused by arachnoid cysts. However, paresthesia caused by syringomyelia tends to persist even if syrinx size decreases. Furthermore, shunt placement is a commonly performed operation but is associated with an unfavorable long-term prognosis and high rates of syrinx recurrence and infections. 4) Therefore, we performed only laminectomy and microlysis of adhesion without shunt placement to normalize the CSF flow and achieve decompression of the arachnoid cysts. We speculate that the puncture of arachnoid cysts at the ventral side resulted in recovery of the paraparesis, and the release of the spinal cord and 
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nerve roots resulted in the improvement of paresthesia with pain in this case. Our strategy might be reasonable as treatment for severe cases with syringomyelia and multiple arachnoid cysts due to adhesive arachnoiditis. A previous case was successfully treated with expansive laminoplasty and duraplasty using a Gore-Tex membrane. 11) We agree with this strategy, because the essential aim of the treatment is normalization of CSF flow and one of the key points for good outcome is to avoid the recurrence of adhesive arachnoiditis. However, we performed duraplasty without Gore-Tex to avoid surgical site infection due to the usage of steroids for Sj äogren's syndrome. If the syrinx size increases in follow-up examinations, we plan to implement the shunt procedure. However, discussion regarding the best treatment method for syringomyelia and arachnoid cysts associated with arachnoiditis is still underway. The treatment strategy should be decided on the basis of the extent of syringomyelia and adhesive arachnoiditis. In addition, clarification of the symptom to be improved and the lesion thought to cause the symptom are most important. For severe cases as in the present patient, the surgical treatment should be focused on the lesion which contributes to motor function, especially arachnoid cysts in this case. Extensive arachnoid scarring may be strongly associated with poor clinical outcomes. 4) Needless to say, early-stage diagnosis is most important for a good clinical outcome.
In conclusion, syringomyelia and arachnoiditis should be recognized as late complications of SAH. Severe cases with extensive arachnoiditis can be treated with laminectomy and microlysis of the adhesion. Our surgical strategy focusing on the lesion thought to cause the symptom, especially motor weakness, may be useful for severe cases.
